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ZKLOHWKHFRDWLQJLVUHVSRQVLEOHIRUWKHUHVLVWDQFHWRZHDUWKHUPDOORDGVDQGFRUURVLRQ7KXVWKHQHZFRDWLQJVDQG
WUHDWPHQWPHWKRGVDUHEHLQJGHYHORSHGWRPLWLJDWHIULFWLRQDQGZHDUORVVHVDQGWRLPSURYHWKHPDWHULDOSHUIRUPDQFH
LQVSHFLILFZRUNLQJFRQGLWLRQV $NGRJDQHWDO.KHGNDUHWDO7REHHWDO
7KHUPDOVSUD\LVRQHRIWKHPRVWSRSXODUDGYDQFHGGHSRVLWLRQWHFKQLTXHVGXHWRLWVZLGHUDQJHRIDSSOLFDELOLW\
DGKHVLRQRIFRDWLQJZLWKWKHVXEVWUDWHDQGGXUDELOLW\3ODVPDVSUD\LQJLVH[WHQVLYHO\XVHGDVWKHUPDOVSUD\WHFKQLTXH
IRUWKHPDQXIDFWXUHRIDYDULHW\RISURWHFWLYHFRDWLQJZKLFKILQGVDSSOLFDWLRQVDVWKHUPDOEDUULHUZHDUUHVLVWDQWDQG
FRUURVLRQ UHVLVWDQW VXUIDFH OD\HUV 7KLV WHFKQLTXH PDNHV XVH RI WKH XQXVXDO SURSHUWLHV RI WKH SODVPD PHGLXP WR
SURYLGHQHZIXQFWLRQDOSURSHUWLHVWRFRQYHQWLRQDODQGQRQFRQYHQWLRQDOPDWHULDOVDQGLWLVFRQVLGHUHGDVRQHRIWKH
KLJKO\YHUVDWLOHDQGWHFKQRORJLFDOO\VRSKLVWLFDWHGWKHUPDOVSUD\WHFKQLTXH,QSODVPDVSUD\SURFHVVDPDWHULDOLQWKH
IRUPRI SRZGHU LV KHDWHG UDSLGO\ DERYH WKHPHOWLQJ SRLQW E\ SODFLQJ LQ D KRW JDVHRXVPHGLXP DQG FRQFXUUHQWO\
SURMHFWHGDWKLJKYHORFLW\RQWRWKHVXEVWUDWHJHQHUDWLQJWKHFRDWLQJXSRQVROLGLILFDWLRQ .HVOHUHWDO1LFROHWWR
HWDO,QPDQ\LQGXVWULDODSSOLFDWLRQVSODVPDVSUD\HGFRDWLQJVDUHEHLQJLQFUHDVLQJO\XVHGDVFRVWHIIHFWLYH
VROXWLRQVWRDYRLGWKHUHVXUIDFHGHJUDGDWLRQ 8VPDQLDQG6DPSDWK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3ODVPD VSUD\HG 0R FRDWLQJV KDYH DWWUDFWHG DWWHQWLRQ IRU KLJK WHPSHUDWXUH DSSOLFDWLRQV SODVPD VSUD\HG 0R
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WR WKHVH UHDVRQV WKH XVH RI SODVPD VSD\HG $O2 FRDWLQJV LQ KDUVK RSHUDWLQJ FRQGLWLRQV JUHDWO\ UHVWULFWHG 7KHVH
KLWFKHVRI SODVPD VSUD\HG$O2 FRDWLQJVZHUH FRQTXHUE\ LQFRUSRUDWLQJPHWDOOLF VHFRQGSKDVHV LQWR WKH FHUDPLF
PDWULFHV7KHLPSURYHPHQWLQLWVSHUIRUPDQFHWKURXJKDQDGGLWLRQRIVHFRQGDU\SKDVHKHOSVWRLQFUHDVHWKHQXPEHU
RISRWHQWLDODSSOLFDWLRQRIWKLVWHFKQLFDOFHUDPLF 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 VWXGLHG WKH ZHDU
EHKDYLRXURI$O20RDQG$O21EFRPSRVLWHV7KH\KDYHPHQWLRQHGWKDWLQ$O20RFRPSRVLWHVWKHSUHVHQFH
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WKH0RGLVSHUVRLGVLQWKHFRPSRVLWH7KHSXOORXW RI0RSDUWLFOHVIURP$O2 PDWUL[FOHDUO\REVHUYHGLQWKH)LJ
)URP SUHYLRXV OLWHUDWXUHV %ROHOOL HW DO  LW KDV EHHQ REVHUYHG WKDW 0R SDUWLFOHV H[KLELWHG EULWWOH
EHKDYLRXU7KHUHDVRQIRUPHWDOHPEULWWOHPHQWLVGXHWRWKHSUHVHQFHRIR[\JHQLQWKH0R+HQFHWKHIUDFWXUHRFFXUV
DOVR LQ WKH PHWDO SDUWLFOHV EHVLGHV WKH SDUWLFOHPDWUL[ LQWHUIDFH 'XH WR WKLV GHERQGLQJ RFFXUV EHWZHHQ WKH0R
SDUWLFOHVDQG$O2 PDWUL[.HVOHUHWDO<LQHWDO$IXUWKHUPHFKDQLVPZKLFKLVUHVSRQVLEOHIRU
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WKHKHDYLHUZHDURI$ VSHFLPHQLVDVVRFLDWHGZLWKWKHIRUPDWLRQRI0R27KLVR[LGHYRODWLOHDWUHODWLYHO\DWORZ
WHPSHUDWXUHDERXW&ZKHQWKHR[LGHYRODWLVHVSDUWRIWKH0RLVUHPRYHGDQGWKHLQWHUIDFHEHWZHHQWKHPHWDO
SKDVHDQGWKHPDWUL[EHFRPHVPRUHZHHNDOORZLQJDQHDV\UHPRYDORIWKHSDUWLFOHV GH3RUWXHWDO QRWLFHG
WKDW WKH WHPSHUDWXUHEHWZHHQ WKHFRDWHG VXUIDFHDQGGLVF LV LQFUHDVHVZKHQ WKH\DUH VXEMHFWHG WRDKLJKHU ORDG ,W
OHDGVWRWKHHQKDQFHGPDWHULDOORVVVLQFHWKHHYDSRUDWLRQRIOLTXLG0RRFFXUVDWDWHPSHUDWXUHDERXW&ZKHQWKH
R[LGHHVSHFLDOO\DW LQWHUIDFHYRODWLVHVSDUWRIPRO\EGHQXP LV UHPRYHGDQG WKH LQWHUIDFHEHWZHHQ WKHPHWDOSKDVH
DQGPDWUL[EHFRPHVZHDNHUDOORZLQJWKHHDV\UHPRYDO7KXVGXHWRWKHVHUHDVRQVSXOORXWRISDUWLFOHVJURRYHVDQG
GHODPLQDWLRQLQFUHDVHVDVDSSOLHGORDGLQFUHDVHV VKRZQLQ)LJE
)LJ6(0PLFURJUDSKVVKRZLQJD:RUQVXUIDFHRI$O20RFRDWHGSLQDW1E:RUQVXUIDFHRI$O20RFRDWHG
SLQDW1
7KH YROXPH ORVV RI WKH0 VSHFLPHQ LQFUHDVHVZLWK LQFUHDVLQJ DQ DSSOLHG ORDG DV VKRZQ LQ )LJ7KH SODVPD
VSUD\HGVSHFLPHQFRPSRVHGRI0RVSODWVLVEULWWOHGXHWRKLJKKDUGQHVVRIVSODWV&RQVHTXHQWO\LQWHUIDFHVEHWZHHQ
VSODWVFDQEHHDVLO\VHSDUDWHGRUVSODWVFDQEHIUDFWXUHGLQVRPHDUHDVDVREVHUYHGLQ)LJDDQGE7KHIUDFWXUHG
VSODWVZHUH UHVSRQVLEOHIRUWKHIXUWKHUZHDURIWKHFRDWLQJPDWHULDO6XFKSKHQRPHQRQRIIUDFWXUHDQGGHODPLQDWLRQ
YDU\ZLWKZHDUORDGDQGFRQVLGHUDEO\DIIHFW WKHZHDUUDWHRIWKHFRDWLQJGH3RUWXHWDO)HUYHOHWDO
+ZDQJHWDO
)LJ6(0PLFURJUDSKVVKRZLQJD :RUQVXUIDFHRI0RFRDWHGSLQDW1E:RUQVXUIDFHRI0RFRDWHGSLQDW1
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)LJ6(0PLFURJUDSKVVKRZLQJD:RUQVXUIDFHRI$O20RFRDWHGSLQDWUSPE:RUQVXUIDFHRI$O20RFRDWHG
SLQDWUSP
)LJ6(0PLFURJUDSKV VKRZLQJD:RUQVXUIDFHRI0RFRDWHGSLQDWUSPE:RUQVXUIDFHRI0RFRDWHGSLQDWUSP
7HPSHUDWXUHYHORFLW\LQWHUDFWLRQLVDQRWKHUPRVWLQIOXHQFLQJIDFWRULQWKHZHDUUDWH %DVDYDUDMDSSDHWDO
$WURRPWHPSHUDWXUHWKHHIIHFWRIYHORFLW\LVIRXQGWREHQHJOLJLEOHEXWDVWKHVSHHGLQFUHDVHVWKHWHPSHUDWXUHDWWKH
FRQWDFWLQJDVSHULWLHVLVKLJKHUZKLFKLQWXUQLQFUHDVHVWKHZHDUUDWH7KHYROXPHORVVRI$ VSHFLPHQLQFUHDVHVZLWK
WKH LQFUHDVLQJ LQ VOLGLQJ VSHHGDV VKRZQ LQ)LJ7KHVKHDU UDWHEHWZHHQ WKHSLQDQGGLVF LQFUHDVHVDV WKH VSHHG
LQFUHDVHV 'XH WR LQFUHDVH LQ VKHDU UDWH WKH WHPSHUDWXUH EHWZHHQ WKH WZR FRQWDFWLQJ VXUIDFHV DOVR LQFUHDVHV $V
GLVFXVVHGLQHDUOLHU.HVOHUHWDO/DULELHWDO<LQHWDOWKHLQFUHDVHLQWHPSHUDWXUHOHDGVWRWKH
PRUH YRODWLVH RI WKH0RO\EGHQXP DW WKH LQWHUIDFH RI SDUWLFOH DQGPDWUL[ 7KLV OHDGV WR WKH HDV\ UHPRYDO RI0R
SDUWLFOHVIURP$O2 PDWUL[7KLVFDQEHREVHUYHGLQ)LJEDWKLJKHUVOLGLQJVSHHG7KLVSXOORXWRISDUWLFOHVIURP
WKHPDWUL[LQFUHDVHVDVWKHVOLGLQJVSHHGLQFUHDVHVDQGFDXVHIRUWKHPRUHGHODPLQDWLRQ7KXVPDWHULDOORVVLQFUHDVHV
DVWKHVOLGLQJVSHHGLQFUHDVHV
7KH YROXPH ORVV RI WKH0R FRDWLQJV LQFUHDVHV ZLWK LQFUHDVLQJ D VOLGLQJ VSHHG DV VKRZQ LQ )LJ7KH SODVPD
VSUD\HG0RFRDWLQJFRQVLVWVRIEULWWOH0RVSODWV +ZDQJHWDO-LQHWDOD$VDUHVXOWVXUIDFHFUDFNV
DUHHDVLO\IRUPHGLQVRPHDUHDVDWORZHUVOLGLQJVSHHGLWFDQEHREVHUYHGLQ)LJD7KHSURSDJDWLRQRIVXUIDFH
FUDFNVLQFUHDVHVDVVOLGLQJVSHHGLQFUHDVHVDQGFDXVHVIRUIUDFWXUHRIVSODWV7KHIUDFWXUHRIVSODWVVKRZQLQ)LJ
EZDVUHVSRQVLEOHIRUWKHIXUWKHUZHDURIWKHFRDWLQJPDWHULDO
7KH ZHDU UHVLVWDQFH RI 0R SODVPD VSUD\HG FRDWLQJ LV KLJKHU WKDQ $O20R VSUD\HG FRDWLQJ 7KH
PRO\EGHQXPVSUD\HGFRDWLQJH[KLELWVDORZHUHGIULFWLRQDOEHKDYLRXUGXHWRWKHIRUPDWLRQRIWULERFKHPLFDOVXUIDFH
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ILOPRQWKHFRDWLQJGXULQJZHDUWHVW7KHSUHVHQFHRIWULERFKHPLFDOVXUIDFHILOP0R2KHOSVWRLQFUHDVHWKHKLJKHU
VOLGLQJZHDUUHVLVWDQFH
 &RQFOXVLRQV
7KHVOLGLQJZHDUEHKDYLRXU RI0RO\EGHQXPDQGPRO\EGHQXPFRQWDLQLQJDQDOXPLQDFRPSRVLWHVVOLGLQJDJDLQVW
(1VWHHOGLVNZDVVWXGLHGDWGLIIHUHQWORDGVDQGVSHHGV
x 7KHZHDU WHVW UHVXOWV LQGLFDWHG WKDWYROXPHORVVRI WKHDOOFRDWLQJV LQFUHDVHVZLWK LQFUHDVLQJ WKHZHDU ORDG
DQGVOLGLQJVSHHG
x 7KH$O20RFRDWLQJH[KLELWVYHU\SRRUZHDUUHVLVWDQFHDWGLIIHUHQWORDGVDQGVSHHGVGXHWRWKHZHDN
DGKHVLRQRIWKHPRO\EGHQXPSDUWLFOHVWRWKHDOXPLQDPDWUL[DQGIRUPDWLRQRI0R2
x 7KHSODVPDVSUD\HG0RFRDWLQJVH[KLELWVEHWWHUWULERORJLFDOSHUIRUPDQFHDVFRPSDUHGWRWKH$O20R
FRDWLQJVVLQFHWKHIRUPDWLRQRIWULERFKHPLFDOVXUIDFHILOPRQFRDWLQJKHOSVWRORZHUWKHIULFWLRQDQGLQFUHDVH
WKHZHDUUHVLVWDQFHRIWKHFRDWLQJ
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